The uphill transport of Ag + through a chloroform bulk liquid membrane containing meloxicam as an ion carrier was studied. Different experimental conditions for the increasing selectivity, sensitivity and kinetics of transport, e. g., the effect of meloxicam concentration in the chloroform membrane phase, pH of donors and acceptor phases, types and concentration of various stripping agents were examined. In the presence of thiocyanate as a suitable stripping agent in the acceptor phase, the amount of silver transported across the liquid membrane after 120 min was 97.8 ± 1.2%. 
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Introduction
Usually in many analytical methods the performing of a separation step is necessary during the analysis. Among various separation methods (ion exchange, solvent extraction, selective chemical precipitation etc.) one interesting approach is based on the recognition, binding and release of specific solutes carried out by facilitated transport membranes, i.e. organic liquid in contact with two separated aqueous phases working under chemical gradient as the driving force. This technique has been widely used for carrier metal ion separations [1] [2] [3] [4] and, to a lesser degree, for organic compounds separation. 5, 6 Silver as a high valuable metal, has a wide range of industrial applications (photographic processing, electrochemical plating etc.). On the other hand, it is toxic and rejected, consequently strongly regulated. Liquidliquid extraction and separation of silver in the presence of classical [7] [8] [9] and macrocyclic ligands [10] [11] [12] is frequently reported in the literature. However, a serious limitation in traditional solvent extraction processes is that a large amount of high purity solvents (and carriers) is required, especially when processing dilute solutions. Additional concern is the disposal of the solvents used, which creates a severe environmental problem. Therefore, during the past decade, there have been some studies on Ag + -selective membrane transport using various carriers. 4, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Nearly, in most of these transports, selective carriers for silver as a soft metal ion are sulphur-containing macromolecules (both cyclic and open-chain sulphur donor), aza thiacrown ethers derivatives with mixed S and N donor sites and macrocyclic reagents possessing S, N, O donors. 24, 25 Since their use in commercial routes may seem prohibitive and expensive due to the complexity of their syntheses, therefore, in recent years, the introduction of simple complexants for the selective transport of silver ions is of increasing interest. [23] [24] [25] We have recently studied the reaction between various drugs and metal cations in order to develop new separation and determination methods for cations or drugs. [26] [27] [28] From the results obtained, we used thioridazine • HCl as a suitable carrier for the uphill transport of Pd(II) 26 and as efficient modifier in selective separation of palladium in solid-phase extraction techniques. 27, 28 In the present work we initially studied the complexation reactions between meloxicam (MLC, a non-steroidal anti-inflammatory drug of the enolic acid class of oxicam derivatives containing mixed N, S and O sets) and Ag(I) in water-methanol mixture by turbidimetric and FT-IR spectrophotometric methods. Then we employed MLC as an excellent specific ion carrier for the selective transport of Ag + ions through a bulk chloroform membrane. Therefore, the efficiency of MLC on the transport of silver ions at various conditions was studied. In the presence of thiocyanate as a suitable metal ion acceptor in the acceptor phase, a low concentration of MLC as 5×10 -4 mol L -1 was found to transport the silver ions quantitatively and selectively across the liquid membrane at a period of time 120 min.
Experimental

Reagents
Reagent-grade chloroform (Merck) was used as the membrane organic solvent. All other chemicals used in this study were of the highest purity available from either Merck or Fluka chemical companies and used without further purification, except for vacuum drying over P 2 O 5 . Doubly distilled deionized water was used throughout.
Apparatus
A bulk-type liquid membrane cell was used in this study. 29 The pH measurements were made with a digital WTW multilab 540 Ionalyzer (Germany) pH/ion meter using a combined glass electrode. The flame atomic absorption spectrophotometer used for the measurement of metal ion concentration in the aqueous phases was a Shimadzu AA-670 instrument. The atomic absorption measurements were made under the recommended conditions for each metal ion. A LKB model 4054 UVvis recording spectrophotometer with 10 mm matched silica cells was used for turbidimetric measurements. The FT-IR spectra were recorded with a Nexus model 670 FT-IR spectrophotometer.
Procedure
All transport experiments were carried out at ambient temperature. A cylindrical glass cell 
Results and Discussion
Study of reaction between MLC and Ag
+
In the continuation of our studies in complexation reactions between drugs and various cations, [26] [27] [28] we have evaluated the possible reactions of MLC with some cations. Since MLC is insoluble in water, therefore, a solution of MLC in methanol was used for this purpose. Preliminary studies showed that while the solutions of various cations have no considerable interaction with MLC, an aqueous silver solution forms a stable yellow precipitate with MLC. Therefore, we initially studied the possible reaction between Ag + and MLC using turbidimetry and FT-IR techniques. The stoichiometric ratio of the reactants was determined using turbidimetric method at 520 nm. A typical mole-ratio plot is shown in Figure 2 . As it can be seen, a clear break in mole/ratio ≈1 emphasizing the formation of a 1:1 molecular complex, according to the following reaction:
The FT-IR spectra of the MLC (Figure 3a) and Ag-MLC complex (Figure 3b ) are recorded in the solid state as KBr discs which illustrate the different bands arising from the functional groups in these compounds. The absorption in the 4000-2600 cm -1 ranges involves the bands of -OH, -NH as well as those of the C-H phenyl and C-H aliphatic. The spectrum of MLC contains a wide band at 3436 cm -1 which is a composite band showing stretching frequencies of C-H, strongly the O-H stretching frequency and the -NH stretching frequency of secondary amide. This broadening is probably related to the presence of intramolecular hydrogen bonding in the structure of MLC. On the other hand, the stretching vibration band of 
Transport of Ag + ions across a bulk liquid membrane containing MLC
Selective reagents for binding of metal ions are of special importance to broad areas of analytical chemistry and separation science. Complexing agents with soft coordination sites like sulfur are known to generate a great Wavenumber/cm -1 On the other hand, a ligand for use as a suitable ion-carrier in a liquid membrane system should have rapid exchange kinetics and should be sufficiently lipophilic to avoid leaching into the aqueous donor and acceptor phases. Since MLC is a chelating reagent that is insoluble in water and can form a fairly stable complex with Ag + ion in nonaqueous media (see previous section), we were interested in examining MLC as a potential ion-carrier for the selective and efficient transport of Ag + ion through a bulk type chloroform membrane.
The liquid membrane operated here is schematically illustrated in Figure 4 . After the complexation of carrier with Ag + on the left side of the membrane and therefore releasing H + to the donor phase, the neutral complex formed diffused down its concentration gradient. On the right side of the membrane the metal ion is released into the acceptor phase containing large amount of SCN -via formation of a stable [Ag(SCN) 2 ] -complex ion. At this stage the carrier diffuses back across the membrane. The net result is the transport of silver ions from the aqueous donor phase to the aqueous acceptor phase across the bulk of the organic phase (the membrane). It should be noted that, the presence of lipophilic anions such as picrate and perchlorate in donor phase showed no improvement on the time and transport efficiency of silver ions. This result, once again, confirmed the formation of neutral complex between Ag + and MLC -in the interface of two aqueousorganic phases.
The proposed membrane system was first optimized with respect to the concentration of MLC by keeping the amount of one the constituent's constant and varying the concentration of the other one. The effect of the concentration of MLC in the membrane phase on the transport of silver was studied and the results are shown in Figure 5A . It is seen that the percentage of silver ion transported increases with increasing MLC in the membrane phase and, at 5×10 -4 mol L -1 MLC is much more effective in the efficient transport of silver ions after 120 min.
Permeability of the membrane system for Ag + ion with respect different stripping agents in the acceptor phase was investigated and the results are summarized in Table  1 . As expected, it was found that the nature and composition of the ligand used as scavenger for the transported metal ion in the acceptor phase could have a significant effect on the efficiency and selectivity of silver transport. The use of SCN -ion as the stripping ligand in the acceptor phase caused a large enhancement in the efficiency and selectivity of Ag + ions, while the presence of other acceptor agents such as S 2 
) and I -(0.5 mol L -1 ) resulted in a pronounced decrease in the efficiency of silver transport. It should be noted that the presence of various acids (e.g. HNO 3 ) in the acceptor phase not only decrease the efficiency of transport but also leads to bleeding the carrier from the membrane phase into the aqueous phases.
The maximum concentration of potassium thiocyanate in the acceptor phase was investigated and found to be in the 0.1-0.5 mol L -1 range ( Figure 5B ). It is interesting to note that the absence of a metal ion receptor in the acceptor phase resulted in no measurable silver transport even for much longer time periods.
The influence of the pH of the donor phase on the efficiency of Ag + was studied in the 2.0 to 10.0 pH range, adjusted by nitric acid or NaOH and the results are shown in Figure 5C . As it can be seen, in highly acidic pH the efficiency of silver transport decreased sharply, most probably due to the interference of H 3 O + on MLC and as result diminishes the complexation strength. On the other hand, in highly alkaline media, significant amount of MLC was quickly migrated to aqueous donor phases, so that the efficiency of silver transport decreased. Thus, maximum silver transport occurs in the pH 5.0-8.0. The effect of pH of the acceptor phase was also investigated and the pH 7 was selected as optimum value for both aqueous phases.
As an additional experiments the above optimization processes was performed on two other concentrations of silver ion. Figure 6 shows the time dependence of Ag + transport through the liquid membrane under the optimum experimental conditions. It is clear that the extraction of silver from the aqueous donor phase into the organic membrane occurs very rapidly, so that extraction seems to be almost complete after approximately 50 min. However, the release of Ag + into aqueous acceptor phase occurs at a slower rate. It was confirmed that about 96% of silver ion was transported from the donor phase into the acceptor phase after 120 min under optimal conditions. The reproducibility of silver transport was investigated and the percent of metal ion transported after 120 min as obtained from 5 replicate measurements was found to be 97.8 ± 1.0.
To find the reproducibility of the transport system under investigation, the experiment was repeated five times under the optimum conditions of transport for 120 minutes. The results of these experiments are illustrated in Table 2 . A relative error of 1.20 % was obtained from the resulting data.
In order to study the selectivity of the membrane system for the silver ions, the percentage transport of Ag + and M n+ cations, which were present with silver ion in equimolar concentration, into acceptor phase was determined. The obtained results are listed in Table 3 . As it can be seen, among a wide variety of cation studied, only Cr 3+ and Pb 2+ ions have shown some potential Table 2. interfering effect. The interference of these cations can be diminished in the presence of EDTA (1×10 -3 mol L -1 at pH 6) as a masking agent in the donor phase. It is interesting to note that, under optimal experimental conditions, the Mn + cations used revealed no measurable interfering effect even when an excess molar ratio of Mn + / Ag + ≥ 500 was employed. Also, the mercury(II) ions showed no interference in the transport of silver ions, most probably due to precipitation of Hg 2+ ions at pH 6.
Conclusions
Transport of silver ions through a chloroform-MLC bulk liquid membrane was studied. The mechanism of transport was discussed. The optimum conditions of transport were found at pH 7 in the feed solution, 5×10 KSCN in the stripping solution. The simplicity, excellent efficiency and high selectivity for Ag + ion transport shown by the membrane system demonstrate its potential applicability to the selective separation, concentration, or purification of silver from mixtures.
